Background: Previous studies have reported an association between dietary sodium intake and overweight/central obesity. However, dietary survey methods were prone to underestimate sodium intake. Therefore, this study investigated the associations of calculated 24-h urinary sodium excretion, an index of dietary sodium intake, with various obesity parameters including body mass index (BMI) and waist circumference (WC) in a population with a relatively high sodium intake. Methods: A total of 16,250 adults (aged ≥19 years) and 1476 adolescents (aged 10-18 years), with available information on spot urine sodium levels and anthropometric measurements from the Korea National Health and Nutrition Examination Survey (KNHANES) were included in this study. We calculated 24-h urine sodium excretion levels from spot urine sodium levels using the Tanaka formula.
Background
Overweight, which is commonly defined as body mass index (BMI) ≥ 25 kg/m 2 on World Health Organization [WHO] guideline [1] , is a critical concern to global public health [2] . It has been associated with numerous chronic diseases, such as cardiovascular disease, chronic kidney disease, type 2 diabetes mellitus, hypertension, and hyperlipidemia [3, 4] . While BMI is a useful measure to define stages of obesity, it does not reflect the body composition and fat distribution of an individual. Therefore, other anthropometric measures such as waist circumference (WC), a measure for central obesity, coupled with BMI may better identify obesity-related health risks [5] .
In Korea, about 30% of the adult population are overweight (including obese) and about 4% are obese [6] . Contributing to this rise in obesity, the increase in Westernized diet containing fattening and high-sodium westernized foods (hot dogs, fries, and cheese sandwiches) in addition to traditional Korean salty, pickled foods (Kimchi and salted seafood) have been noted as one of the main risk factors. Dietary intake has been noted dietary components [7] . It is important to detect risk factors related overweight and central obesity that use effective intervention.
On average, the Korean population consumes 4847 mg sodium per day which is over double the amount of the WHO recommended value of 2000 mg/day [8] . Given the high intake of sodium and rising rates of obesity among Koreans, it is critical to investigate the association between dietary sodium intake and obesity.
Previous studies have reported an association between sodium intake and overweight /obesity in Korea [9, 10] . However, sodium intake was estimated by using inaccurate methods such as dietary recall and food frequency questionnaire [11] [12] [13] which are prone to underestimation of sodium intake [14] . Because most people usually tend to report healthier eating habits than their true eating habits [15] . The urinary sodium excretion level is the most reliable method to evaluate dietary sodium intake [16, 17] .
Therefore, in this study, we examined the associations of calculated 24-h urinary sodium excretion levels, a marker for dietary sodium intake, with overweight and central obesity in Korea. We also evaluated whether urinary sodium excretion level is associated with certain types of obesity, such as only overweight without central obesity, only central obesity without overweight, or overweight combined with central obesity, relative to normal BMI and WC. In addition, because it was suggested that overweight and central obesity risk by sodium intake is larger in adolescents than adults [18] , we investigated the associations of calculated 24-h urinary sodium excretion levels with overweight and central obesity among different age groups.
Methods

Study population
The Korea National Health and Nutrition Examination Survey (KNHANES) is a population-representative crosssectional survey based on complex, stratified, and multistage cluster sampling [19] . Details of KNHANES have been published elsewhere [20] . In brief, this survey was designed to collect information on the health and nutrition of all individuals resided in the Republic of Korea. The survey is conducted by the Korea Centers for Disease Control and Prevention (KCDC). Interviews were based on a standardized questionnaire, asking information regarding health behaviors, past histories, and dietary intake. Blood and urine laboratory tests were conducted according to standardized protocols by well-trained medical experts, and equipment was calibrated periodically. Dietary sodium intake and nutrient consumption was estimated by 24-h recall and food questionnaire from a nutritional survey conducted by a well-trained nutritionist. The dietary intake of food consumptions were assessed using a validated semi-quantitative FFQ developed for KNHANES [21] . The food consumption questionnaire has been designed as an open-ended survey. Study subjects were asked to estimate the average amounts of serving of 109 food items and the frequencies of consumption in last 12 months. Daily nutrient intakes were calculated by combining serving average of serving, portion per unit and frequency per day for each food item. Nutritional assessment was analyzed using CAN-Pro 4.0 (Korean Nutrition Society, Seoul, Korea).
In total, 32,975 individuals who participated in the 4th and 5th KNHANES in 2008-2009 and 2010-2011 were included as the eligible population. Of them, we excluded those with a past history of chronic kidney disease, cardiovascular disease, stomach cancer, liver cancer, colon cancer at enrollment (N = 1019), because these patients were more likely to experience anorexia, resulting in poor nutrient intake habits. We further excluded 14,230 participants with missing information on exposure variables (spot urine sodium and spot urine creatinine) and the outcome variables, including anthropometric measurements (height, weight, or WC). Therefore, the final study population consisted of 17,726 participants, including 16,250 adults (age ≥ 19 years) and 1476 adolescents (aged 10-18 years) (Fig. 1) . The age groups definition for adults and adolescents are used to World Health Organization (WHO) guidelines [22] . This study was conducted according to the guidelines established by the Declaration of Helsinki. All participants aged 19 years or older gave written informed consents for inclusion before they participated in the study. In participants aged less than 19 years, written informed consents were obtained from their parents or guardians on behalf of the study participants, after both study participants and their parents or guardians read and understand the process of the study. Also, research staff checked whether each informed consent form was completed and signed by the participants aged less than 19 years as well as parent or guardian. Study protocols were approved by the institutional review board (IRB) of Seoul National University Hospital (IRB No: 1612-083-814).
Anthropometric measurements and defined of overweight and central obesity
The anthropometric measurements (height, weight, and WC) were measured in the mobile examination center following a standardized measurement protocol by trained KNHANES staff [19] . Height was measured to the nearest 0.1 cm using a Seca 225 (Germany Seca Ltd.), and weight was measured to the nearest 0.1 kg with a GL-6000-20 (Korea G-tech Ltd. [22] . In adults and adolescents, overweight was defined as BMI ≥ 23 kg/m 2 , based on Asian BMI guideline proposed by the WHO Western Pacific Region in 2000 [23] .
In adults, central obesity was defined as WC ≥ 90 cm in men and ≥ 80 cm in women, based on the modified National Cholesterol Education Program Adult Treatment Panel (NECP ATP-III) cut-offs in Asians [24] . In adolescents, central obesity was defined as age-and sexspecific WC ≥ 90th percentile, using the criterion of the International Diabetes Federation [25] .
Assessment of exposure: Calculated 24-h urinary sodium excretion
Urinary sodium levels were measured using the Hitachi 7600 ISE special reagent (Japan Hitachi Ltd.). Urinary creatinine concentrations were calculated based on a colorimetric method (Hitachi Automatic Analyzer, Hitachi, Japan). Urinary sodium and creatinine were measured in the same central laboratory for all participants. The KNHANES provided urine creatinine and sodium values from the overnight spot urine samples, and did not provide information on the 24-h urinary sodium excretion level [26] . Although the measurement of 24-h urine sodium excretion level is considered to be the most reliable method to estimate the dietary sodium intake [16, [27] [28] [29] [30] , collecting 24-h urinary sodium is difficult in a large population study and can be inaccurate because of participants skipping some urine collection throughout the day [16, [27] [28] [29] . In the present study, we estimated calculated 24-h urinary sodium excretion levels using the following Tanaka's formulas (Eqs 1, 2) The calculated 24-h urinary sodium excretion levels were then classified into three categories (< 2200 mg [< 100 mEq], 2200-3199 mg [100-139 mEq], and ≥ 3200 mg [≥ 139 mEq]). In the present study population, the lowest sodium level (< 2200 mg [< 100 mEq]) [32] is close to roughly 6 g of a daily salt intake, which is recommended guidelines in previous studies [33] .
Covariates
Sociodemographic factors such as age (continuous), sex (male/female), monthly household income (KRW), education, marital status were assessed. Monthly household income (KRW) was categorized as < 1,500,000, 1,500,000-2,999,999, 3,000,000-3,999,999, 4,000,000 or above. Education status was categorized as below middle school, high school, college, university or above. Marital status was categorized into married or single, others (including never married, separated, divorced or bereaved). Hypertension (no/yes) was defined as a person with anti-hypertensive medication or systolic BP ≥ 140 mmHg, diastolic BP ≥ 90 mmHg, or the presence of a medical history of hypertension. Diabetes mellitus (no/yes) was defined as fasting blood glucose ≥126 mg/mL or the presence of a history of diabetes. Other covariate included lifestyle factors such as drinking, smoking, and dietary intake of water, energy, potassium (continuous). Drinking status was categorized as no, yes (including ever-drinkers and current drinkers). Smoking status was categorized into no, yes (including ex-smokers and current smokers). Physical activity (no/yes) was defined as performing regular exercise enough to sweat once a week or more.
Statistical analysis
We followed the KNHANES data analysis guidelines provided by the KCDC [34] . We conducted analysis of variance tests for continuous variables and chi-square tests for categorical variables to evaluate the difference in the distribution or count of selected characteristics among three groups. We evaluated the associations between calculated 24-h urinary sodium excretion levels and overweight and central obesity using polytomous logistic regression models. This study was adjusted for the clinical importance confounders, considered in previous study and study participants demographic and clinical characteristics: age (continuous), sex (male/female), diet energy intake (mg/day), water intake (g/day), potassium intake (mg/day), and physical activity (no/yes) ( Table 1) . We examined multi-collinearity between independent variables with Pearson correlation coefficient and Variance inflation factor.
To visualize the correlation among dietary sodium intake, 24-h urinary sodium excretion, and obesity, contour plots were drawn by the 'lattice' package in R version 3.2.2 (http://www.r-project.org). Other statistical analyses were conducted using the SAS version 9.4. (SAS Institute Inc., Cary, NC, U.S.A).
Results
The general characteristics of the participants are presented in Table 1 . The participants included 16,250 adults (age ≥ 19 years) with an average age of 50.2 years, and 1476 adolescents (aged 10-18 years) with an average age of 13.5 years. In adults, compared with the participants low sodium excretion (< 2200 mg), those with high sodium excretion (≥ 3200 mg) were more likely to be male, drinker and smokers who exercised more, were married, had lower education levels (below middle school), had a monthly household income lower than 1,500,000 KRW), higher diet water, energy, potassium intake, presence of hypertension and diabetes mellitus. In adolescents, compared with the participants low sodium excretion, those with high sodium excretion were more likely to be female, presence of hypertension, higher diet water, energy, potassium intake. Table 2 present the associations of calculated 24-h urinary sodium excretion levels with overweight (classified by BMI) and central obesity (classified by WC). We found increased odds of overweight and central obesity in the participants with high urinary sodium excretion (≥ 3200 mg) compared to participants in low urinary sodium excretion (< 2200 mg) (OR = 2.17, 95% CI = 1.90-2.49 in adults; OR = 5.80, 95% CI = 3.17-10.60 in adolescents for overweight; OR = 2.50, 95% CI = 2.13-2.94 in adults; OR = 4.19, 95% CI = 1.78-9.89 in adolescents for central obesity). Higher urinary sodium excretion levels were associated with increased risk of BMI and WC in different age groups, especially in adolescents. Table 3 shows the association of different types of obesity by calculated 24-h urinary sodium excretion levels in adults and adolescents. The types of obesity were classified as 'normal BMI and normal WC' , 'overweight without central obesity' , 'central obesity without overweight' , and 'overweight combined with central obesity'. The adults in the highest urinary sodium category (≥ 3200 mg) exhibited increased odds of 'overweight without central obesity' (OR = 1.63, 95% CI =1.35-1.98), 'central obesity without overweight' (OR = 2.36, 95% CI = 1.41-3.94), and 'overweight combined with central obesity' (OR = 2.95, 95% CI = 2.49-3.49) compared with the adults in the lowest urinary sodium category (< 2200 mg). The associations were consistent in adolescents (OR = 6.90, 95% CI = 3.25-14.63 for overweight without central obesity; OR = 5.28, 95% CI = 2.24-12.40 for overweight combined with central obesity). As shown in Additional file 1: Table S1 and S2, when we conducted sensitivity analyses using the sodium intake estimated from spot urine sodium levels, the results were robust and similar to the results using the Tanaka equation. Table 4 presents the adjusted odds ratios for overweight and central obesity by dietary sodium to total calorie (Na/ Kcal) ratio and dietary sodium to potassium (Na/K) ratio among adults and adolescents. The participants in the highest tertiles of Na/Kcal ratio exhibited increased odds of being classified as overweight and central obesity relative to normal BMI and WC compared with participants in the lowest tertiles of Na/Kcal ratio (OR = 1.16, 95% CI = 1.03-1.31 in adults; OR = 1.93, 95% CI = 1.27-2.95 in adolescents for overweight; OR = 1.12, 95% CI = 0.97-1.29 in adults; OR = 1.27, 95% CI = 0.73-2.21 in adolescents for central obesity). The participants in the highest tertiles of Na/K ratio exhibited increased odds of being classified as overweight and central obesity relative to normal BMI and WC compared with participants in the lowest tertiles of Na/K ratio (OR = 1.07, 95% CI = 0.94-1.21 in adults; OR = 1.64, 95% CI = 1.05-2.57 in adolescents for overweight; OR = 1.12, 95% CI = 0.98-1.29 in adults; OR = 1.58, 95% CI = 0.80-3.12 in adolescents for central obesity). This study was observed more stronger and consistent association Na and overweight, central obesity in adolescents.
We illustrated the correlations among dietary sodium intake, 24-h urinary sodium excretion, BMI, and WC in Fig. 2 . In these 3-dimensinal figures, the dietary sodium intake was positively correlated with a urinary sodium excretion levels and the increase in both variables was correlated with an increase in BMI and WC, despite a fluctuating pattern was observed in its association with dietary sodium intake ( Fig. 2a & b) . The slope Waist circumference (WC) in adults were classified two groups using the criterion of NECP ATP-III guideline [21] , such as normal waist (male: < 90 cm, female: < 80 cm), central obesity (male:
≥ 90 cm, female: ≥ 80 cm); WC in adolescents was classified two groups using the criterion of International Diabetes Federation (IDF) [22] e P-value Central obesity in adults was defined as WC ≥ 90 cm in men and ≥ 80 cm in women, based on the criterion of modified NECP ATP-III guideline in Asians [24] ; the central obesity in adolescents was defined as sexspecific WC ≥ 90 percentile based on the criterion of International Diabetes Federation (IDF) [25] e Adjusted for age and sex, energy intake (per day), water intake (per day), potassium intake (per day), and physical activity f P-value Table 4 Adjusted odds ratios (ORs) for overweight and central obesity by dietary sodium to potassium ratio and sodium to total calorie ratio among adults and adolescents, Waist circumference (WC) in adults were classified two groups using the criterion of NECP ATP-III guideline [21] , such as normal waist (male: < 90 cm, female: < 80 cm), abdominal obesity (male:
≥ 90 cm, female: ≥ 80 cm); WC in adolescents was classified two groups using the criterion of International Diabetes Federation (IDF) [22] e P-value appears to be abrupt in the WC; whereas energy intake and urinary sodium excretion were also positively correlated, with an increase in BMI (Fig. 2c & d) .
Discussions
In the present study, higher urinary sodium excretion levels were associated with an increased likelihood of overweight and central obesity measured by both BMI and WC than among those with low sodium excretion. These associations were more pronounced in the adolescents compared to those in the adults. Our results are consistent with previous studies. A few cross-sectional studies directly investigated the association between urinary sodium excretion levels and overweight and obesity in adults [12] , adolescents [35] . Other cross-sectional studies reported the associations between high urine sodium excretion levels and increased body fat levels compared with participants with low levels of urine sodium excretion [12, 36] . Similarly, a longitudinal US adult population study reported that individuals with high sodium intake had increased BMI, WC, and predictive body fatness [11] . In a representative sample of the adult Spanish population, urinary sodium excretion was found to be associated with obesity. Specifically, participants with high sodium intake had overall greater energy intake and unhealthy lifestyles which were associated with the increased risk for being overweight and central obesity [37] .
On the other hand, other studies reported no association between sodium intake and being overweight/central obesity. A longitudinal population study reported that Danish with higher 24-h urinary sodium excretion were not associated with changes in BMI and WC [36] . These inconsistencies in results may be due to varying sodium sensitivity among populations. It has been reported that sodium sensitive people tend to weight more than sodium-resistant people [38, 39] . Other possible reason for discrepancies maybe from differing population age, gender, clinical conditions and racial background [40, 41] . Thus, it is important to consider population sample characteristics carefully when interpreting study results.
In the present study, the stronger associations between calculated 24-h urinary sodium excretion levels and overweight/central obesity were observed in adolescents than A B C D Fig. 2 Visualization of the interplay among BMI, WC, dietary sodium intake and dietary energy intake on urinary sodium excretion level in total population. a BMI, dietary sodium intake (mg/day), and urinary sodium excretion levels (mg/day), (b) WC, dietary sodium intake (mg/day), and urinary sodium excretion levels (mg/day), (c) BMI, dietary calorie intake (mg/day), and urinary sodium excretion levels (mg/day), (d) WC, dietary calorie intake (mg/day) and urinary sodium excretion. Black color means higher value and grey lower value adults. Given the limited number of studies focusing solely on adolescent's sodium excretion and their overweight/ obesity status, we could not compare our results. However, similar studies could provide some explanations. The Dortmund Nutritional and Anthropometric Longitudinally Designed study showed that the intake of processed salty food could have a negative effect on body weight in adolescents [35] . Another cross-sectional study reported that white and African-American, high sodium intake was associated with adiposity and inflammation independent of sugar-sweetened beverage and total energy intake among adolescents [7] . Dietary habit preferences of adolescents are greatly influenced by their parents [42, 43] . Parents exhibiting diets with high sodium intake had a greater chance of high energy intake due to higher fat and/or protein intake, and overall unhealthy life style choices [44] , which can lead to obesity. Given the relevance of this issue to adolescents, we suggest that proper dietary sodium control targeting for families, including both parents and children, is necessary. Recent study reported that persistent obesity during adolescents and children was significantly associated with decreased estimated glomerular filtration (eGFR) [45] . This is why they have to change their eating habits since childhood.
While the exact mechanism for sodium intake and weight gain is unclear, several biological mechanisms have been proposed. Biologically, higher levels of sodium in the body can lead to being overweight by increasing cortisol levels and its metabolites [46] , decreasing adiponectin, increasing anemia risk, and inducing abnormal metabolic profiles, such as high blood pressure, insulin resistance, increased triglyceride levels, and reduced HDL-cholesterol levels [46, 47] . Another possible mechanism was that high sodium intake increased the volume of extracellular water that caused increase weight gain [48] . A genetic predisposition that affects hyper-sodium intake was suggested as a plausible mechanism in the association between sodium intake and overweight [47] . In mice, those fed a higher dietary sodium intake had associated with leptin resistance and obesity. This activated the aldose reductase-fructokinase pathway in the liver stimulating endogenous fructose production and metabolism [49] . More studies are needed to confirm these effects in humans.
Several limitations should be considered when interpreting our results. First, our results cannot confirm the casual relationship between calculated 24-h urinary sodium excretion and overweight and central obesity, because the data were obtained from a cross-sectional study design. To minimize possibilities of reverse causality, we excluded participants with chronic kidney disease, chronic liver disease, cardiovascular disease, stomach cancer, liver cancer, and colon cancer that potentially resulted in altered dietary habits and uremic malnutrition after diagnosis [50] , affecting their sodium levels. Malnutrition is a usual finding in patients with chronic diseases, and has been reported to affect various body compositions such as loss of lean body mass, adipose tissue, and visceral proteins. Protein loss particularly includes skeletal muscle, and impaired immune system. Protein kinetics are decided in patients with uremic on conservative treatment by amino acid, the results direct that the rates of protein synthesis and degradation are decreased whole body and skeletal muscle levels [51, 52] . Second, we used simple equations of calculated 24-h urinary sodium excretion from spot urine specimens. Because it is not feasible to measure 24-h urinary sodium excretion we used the Tanaka's equations to estimate calculated 24-h urinary sodium excretion. A number of different equations for estimating 24-h urinary sodium excretion are currently in use. Presently, the Tanaka's equation is widely used in clinical practice in Korea [53] [54] [55] . Although, some bias by overestimating low sodium intake ranges, underestimating high sodium intake ranges and high sensitivity were observed for the Tanaka's equations among Tanaka, Cockcroft-Gault, a newly derived Korea equation [56, 57] . Third, controlled urinary potassium excretion levels are recommended when using urinary sodium excretion. However, this study did not test for urinary potassium excretion. To address this limitation, we adjusted the dietary potassium intake. Fourth, Unhealthy lifestyle are potentially associated with obese. Processed foods tend to be nutritionally imbalanced, added sodium, sugar, and chemical additives and have a highly energy contents [58] . Due to the present study's cross-sectional design, we overcome the gap in eat different dietary sodium intake between low-end participants (normal individuals) and high-end participants (obese individuals). This result showed that the participants in the higher Na/Kcal ratio increased odds of being overweight relative to normal BMI (Table 4) . It cannot be fully explained by overweight and obese itself a driver for excessive urinary sodium excretion. Nevertheless, it is observed that higher Na/Kcal ratio is related to overweight, so not all of the results are caused by reverse causation. So need to reduce both dietary sodium and total calorie intake are recommended (Fig. 2) . Finally, we did not adjust our data for subjects undergoing pubertal stage. The pubertal stage in adolescents require more information than the biological age, and urinary sodium excretion may be different due to active steroidogenesis in puberty [59] .
Despite these limitations, the present study has important strengths. First, the present study used a well-designed survey data (the KNHANES) representative of Korean population. The KNHANES collected high-quality data using standardized protocols. Second, we used more objective urinary sodium data. Urinary sodium excretion levels reflect more objective measurement for sodium intake compared with other methods [16, [27] [28] [29] . Third, a relatively large sample size allowed us to stratify participants into numerous subgroups with sufficient statistical power, potentially providing important evidence that adverse health effects of high-salt consumptions can be more enhanced in early ages. Finally, we used comprehensive information related to demographic, lifestyles, and health conditions, and these factors were assessed as covariates in the analytical models.
Conclusions
In summary, higher urinary sodium excretion levels were associated with an increased likelihood of overweight and central obesity in adults, and adolescents. The results of the present study suggest that sodium intakes need to be reduced particularly in adolescents, to prevent overweight and central obesity and subsequent chronic diseases, including type 2 diabetes, hypertension, and cardiovascular diseases. Guidelines recommending reduction of sodium intake and school interventions for the management of obesity associated with sodium intake in adolescents should be considered. However, owing to the cross-sectional design, we cannot establish the causality between sodium intake and overweight and central obesity. Further studies, especially with longitudinal study design are warranted to confirm the results.
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